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Claims 



[15*^1 1] 

(18). f£^B(i9)fi.lXzi>hn-;l.<r--K20)i:. 



[Constiradon; 



patterning 
and 



dong 



MUtce/drain region 



step, aforementioned conductive layer 10 
second insulating layer 9 which on step, 
line semicondactor layer 6 which 
_ layer 5, polycrystaliine semiconductor layer 
ssnacotidnctor layer 1 of first form second 
9 and conduc^e layer 10 tnorder, in Step, 
region 2 vvhich forms semiconductor element in 
region theaforcrftentioned conductive layer 
insulating layer 9, aforementioned 
semiconductor layer 6 and patterning doing 
5 of aforementioned first , introducing the 
semiconductor layer 1 of step- aforementioned 
the semiconductor layer 1 of aforementioned 
layer 17, floating gate 18, insulating layer 
20 in order, itinchidcs step which forms 
21.22. 



; layer 



cncmt 



aforemec tioncd 
aforemention jd polycrystail 
forms insulatfTig 
6 of first on 
insulating 
memory cell 
peripheral 
10, 

polycrystall 
insulating 
itopudty tntc 
first which 
first forms 
19, control gkte 



aforementioned second i 



11 le 



[layer 



harrier 1 



Solo 
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[Claim(s)] 
[Claim 1] 

barrier layei which was formed on semiconducior layer (1) of 
first of men lory cell region (2) (17X floating gate (18), 
ingiiiqfi'Ti^ li yer (19) and control gate (20) with, memory cell 
which consi sts of source/drain region (21 and 22) which was 
formed to semiconductor layer (1) of the said fiist of both 
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(2i^2)i:A>?>nP^i^*'J-b;UCrj)i:. 

fI?apSSS(i7)l4. B<raBm-OT^»i2»»H(i)«> 

fI8BISSS(17)£0X:^JU=^f-|»iili 0.5eV JU 
Ji-e l.OeV lUT-C'«&SCi:S!t#fiii:-r5tS*3S2 

(9)i:3?'SIS(l 0)*IDai^55^-ri.xSt , 
'>^C<i:tPIB3fSB(10)i:fIIB»-rt)ifeSB 

j:y, fitrias-a>*Sf*:S(i)©±i=isi= 

(19). =i>ba— JU-t^— h(20)^fl3fiR'r4XSi:, 

-(0*SS(*H(l)|::S.=.5fSlt=P*e<«I^^AL 
rv— ::f./KU-fl/1§)gE(2i;22)^f&SEl-5xgi: 

5] 
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sides of said ^loatmg gate (20) (T<siib>2 </sub> ) with, 

r stoi^ge device . which designates ifaat it 

actor element (T<sub>l </siib> ) which 
\ second scaucoadECtor layer (6) which is noi a 
in region other thanaforementioned memoiy cell 
i feature 



semiconductor 
possesses 
wasfozmcd 
single ciystol 
region (2) as 



(Claim 2] 



Rforei lentioncd 1 



As for 
energy hand 
a£brementioi|ed 
stated in the 
substance h 



baxrier layer (17), energy barrier for 
idge of the semiconductor layer (1 ) of 

first semiconductor stoiage device . which is 
2kim 1 which designates that it consists of small 
in< omparison with silicon oxide as feature 



[Claim 3] 

As for energ^ 
semiconductpr 
which 
more as 



i desigiiates 



[Claim 41 



semiconducror 



On 

insulating 
semiconduci 



la/< 



layer (1) of &^ of tirst conduction type , 
er of first (5),5tfip. which foraia polycrystalline 
or layer (6) 



On 

second! 
layer (10) is 



©Oil 



barrier of aforementioned bairicr layer (17) 
storage device . which isstatcd in Claim 2 
that they are 1.0 eV or less wi& 0.5 eV or 



afoicme^ktioned polycrystalline semiconductor layer (6), 
layer (9) with step, whichforms conductive 



insulating I 
order 



At least afoi wnetitioned conductive layer (10) with patterning 
doing theafc remsntioncd second insulating layer (9X step, 
wtiich £brm! semiconductor element (T<sub>l '^sub?' ) in the 
peripheral c rcuit region (3) 

In memory <iell region (2), aforementioned conductive layer 
(10), aforen entioned second insulating layer (9), 
aforemcntio ned polyoystaliine semiconductor layer (6) and 
by patterning doing insulating layer (5) ofafoicmcDtioned 
first , on ser uconductot layer (1) of aforementioned first in 
order barrie ' layer (17), floating gate (18), insulating layer 
(19), Introducing second conduction type inqjiwity into 
semieondnc tot layer (1) of aforementioned first of both sides 
of step, aforementioned floating gate (19) which forms 
control gate ^0), rtianufacturing method . of semiconductor 
storage devi ce which designates thai it possesses the step 
which form : source/drain region (21 and 22) as feamre 

[Claims] 

step, wliich forms insulating layer (35) of first on 
semiconduc tot 1 ayer (3 1 ) of the first of first conduction type 

step, which 
first whicl 



removes in^ating layer (35) of aforementioned 
ng peripheral circuit region P3) at least is in 
semieondu(Jtor clemenl forming region with patterning 
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=EU'b;u»BE«ii|E(32)l=fe'SliIias-roite»lS 

(35)<D-k^=*eS'e'^ft^$HCDi^i^S^felS(36b) 

&i;iiisffi=fl)*««:i(36b)(0-h(-, m-<o 

JfeJS 1 (39) i:a S IS (40)S 11 1=© R£-t * X S 

'>'&<i:t1uSa^SS(40)t|iiBBm::ia)»ft&S 

(39) ^/ >y LT liiEJi fflE ^fiJS03) 
©^-(3D^}ia!lfl:S(36a)(=¥at*^^-(ti 

H^lffi>^•J-t^^fi«(32)l=^3L^T. ideBSSSli 

(40) . |iiail::;<Dl6S/g(39). B5seffi=ro¥S 
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l=ISS)i(47). 7P-xOi^'y-h(48), 
H(49). 3>hP— ^U-tr— K50)^J^fiE"rSXS 
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(i^i)<7>x4^;i.^-/^i/Ktel=»-r*x*;u=? 



«IIS|I*Se(l7,47)CDx4^VU^-[^Sli O^eV 
6l±T» l.OeV iaTt?*i>^i:^!t*Sti:1-Slg* 
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Specification 
[0001] 



I growlh 



Assccosdsei 
fonnedon 
first of afincTjieatioiK 
epitaxial 
layer vrfaich 
not a single 
first ^ich is 
afbremeatioied 
iflsnlating laj 
(40) in order 
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iTDicondttctor layer (36 a ) of single crystal is 
s^wmductor layer (31 ) of thcaforemendoned 
Led peripheral ciroutt region (33) with 
^stcp, flforementioDed second semiconductor 
ftnus tiiird semiconductor layer (36 b ) which is 
c tystal on insulating layer (35) of sforemeationed 
memory cell forming region (32) (36 a ) and on 

third semiconductor layer (36 b X second 
er (39) with step. vMch forms conductive layer 



i aforementioned 



In 

condnctivc 
layer (39), 
and pattcmix , 
first , OA 
in 

Semii 

sides of step 
control gate 
Storage 
^which form 



order barncr layer 



£ device 



©012 



aforementioned c 



dieaforementioned s 



condnctivc layer (40) with patterning 
second insulating layer (39), stqj. 
semicotiductor element (t<siib>l </sub> ) m the 
a) of aforementioned 

circuit rcgiotv (33) 



At least 
doing 

v^hich fonns 

second semiconductor layer (36 
peripheral cr 



layer ( 



semiconductor I 



memory cell region (32), aforementioned 
(40), theaforemcntioned second insulating 
ajtbremcntioned third semiconductor layer (36 b) 
ig doing insulating layer (35) of aforementioned 
layer (31) of tiicaforementioned first 
(47), floatmg gate (4S), insulating layer 
IhtrodiJeing second conductioxi type Lnqmiity into 
iconducior layer (31 ) of aforementioned first of both 

aforementioned floating gate (48) which forms 
(50), manufecturmg method . of semiconductor 

which designates that it possesses the step 
source/drain region (51 and 52) as feature 

[Claim 6] 

Aforementioned second semiconductor layer (36 a) with as 
for third semiconductor layer (36 b ) manufacturing method . 
of the scmic suductor storage device which is stated in Claim 
5 which designates that it is formedsimuhaneously as feamre 

[Claim?] 

aforcLnezitioned barrier J 



As for 
banier for 
and31) 
semiconductor 
which 
comparison 



[OaimS] 



As for 
47) 

which is 
eV or less 



energy 
manufsu:tuTing 
staled 



layer (17 and 47), energy 
e lergy band edge of the semiconductor layer (1 
of aforementioned first manu&ctuiing method . Of 
storage device which isstated in Claim 4 or 5 
that rt consists of small substance in 
with silicon o»de as feature 



barrier of aforementioned barrier layer (17 and 
; method . of semiconductor storage device 
in Claim 7 wliich designates ihatthey axe 1.0 
0.5 eV or more as feature 



[Descriptioj i of the Invention] 
[0001] 
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[0002] 

RAM(PRAM);5l<&y. *CD^*i 1 0(7) MOS ^7 
>-:?X$iS*-r4 DRAM -Ir^L'i^LT^*^^®**®^ 

[0003] 
[0004] 

I*, •?-(DM{l!ll::**V-:^i:KL/-f>torp^l::iSS 
[0005] 
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[Field of Industrial Appljcation] 

(his invention regards semiconductor storage device and lis 
manufecturing metiiod , fiirdiciiDore details regard 
semiconducto:: storage device and its manufectaring method 
which have v( latile memory 

[0002] 
[Prior Art] 

There is a dyilamic RAM pRAMs ) as semiconductor 
storage devici , fliere is a stacked type which possesses the 
trench which possesses capacitor which was formed in 
groove of sehiiconductor substrate as DRAMs cell which 
possesses MOS transistor of one amongthose and capacitor 
■which was fo med on semiconductor substrate . 
Those papadi or arc connected to soarce/drain region of one 
side of MOS {transistor . 



[0003] 

On one hand, 
positive hole 
T^eh compi lation 
cell have had 



there is a EEPROM , flash memoiy electron or 
as semiconductor storage device of structure 

is done in semipennanent , those tnetnoiy 
structure which h&s floating gate and control 
gate on semiconductor substrate . 



With that Jdrid 
(SiO<sub>2<j:ysub>) 
barrier layer 



electron 



[0005] 
[Problems 



If it can use 
floating gate 
provide 
especially it 



region 



of memory cell , silicon oxide 

^ or oflicr oxide film is used as material of 

pTicnlating layer ) wtich xisualty, channel region 
(semiconduc tor layer ) with lies between between the floating 
gate , carrier which compilation is done because of this in 
floating gate is kept in semipermanent . 

[0004J 

for example 
electron 
applying big 
both sides 
doing btj 
tunnel 



election is filled to floating gate , generating hot 
whi M has the energy which jumps over oxide film by 
1 vohage between the source and dram which is 
m^od of fillmg Ibis to floating gate . Or imparting 
gfx voltage in conhiol gate , method which fills the 
to floating gate is taken. 



to be Solved by the InvennonJ 

element which has that kind of control gate , 
as volatile mettioty because it is not necessary to 
which is guaranteedin order lo form capacitor 
is a ideal . 



But, according to element in order until recently in floating 
gate of element of Structure to keep memory content in 
semipermanent , with method which fills hot electron and it is 
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15V <D]3SE^9]J]|]-r5^S;&<fcS3a^i:^iP> 

[0006] 

CD^iF^-ecOSS DRAM iUi^tLX^m-thZ, 
[0007] 

[ooosl 

iSLfcSSIt, @ 3(c) Ir-pl^r^ y 

$^fcBg|g 17, ■:?a-^<>>fy-h 18. SeS 
B l9ai;=i>hP-;uV*-h20t.|47n— 

:^<f^-h 20 (Dmm<Dm^-(D'=^^iiim 1 



[0009] 

mrsglSSS 17 14, luaa^<D^aSi*:H i OOx 
OJcV Ul±-C l.OeV JilT-C?fe^wi;^ 



necessary imparting to do high voltage of for exas^le 15V 
with method which fills jp7 flannel electron , but because 
DeitheTe;^ce$$ively large fill electron cuzrcnt density is 
acquired. In electron implantation itme of several ;mtt & 
becomes necessary. 

[0006] 

Because of this , that way as DRAMs cell , it is difficult to use 
element of stroctoic which has floating gstc , control gate 
which is used for the EEPROM . 



In addition, it is necessary to avoid nxenaory cell of that kind 
of stnkctuic and foct that MOS transistor of peripheral circuit 
is formed with completelyanother step . 

[0007] 

As for this invention considering to situation a this way, being 
dOiQcthingwhich it is possible, it designates iSbsx it ofifers 
senuconductor storage device and its manu&ctuiing method 
which can form clement of element and pciiphcTal circuit 
whichpossess floating gate and control gate with same step as 
objective , 

[0008] 

[Means to Solve the Problems] 

As for probleiji which you mscribcd, as iliustt^ted to Figure 3 
(c ),memory cell T<sub>2 </sub> which consists of battier 
layer 17, floating gate IS, insnlathag layer 19 was 
formed on semiconductor layer 1 of first of memory cell 
region 2 and source/drain region 21, 22 which was formed to 
semiconductor layer 1 of said first of both sides of control 
gate 20 and said floating gate 20 and, Jt solves with 
semiconductor storage device which designates that it 
possesses semiconductor element T<sub>l </snb> which was 
formed on second seTnicondxictor layer 6 which is not a single 
crystal in region othenhan aforementioned memory cell 
region 2 as feature, 

[0009] 

energy barrier for energy band edge of semiconductor layer 1 
of afbremeniioned fir^t itsolvcs aforementioned barrier layer 
1 7, with semiconductor storage device which designates thatit 
consists of sinall substance in comparison with silicon oxide 
asfeature. 

In case of this,, energy barrier of aforementioned barrier layer 
17 is the semiconductor storage device -vtdiieh designates that 
ihey arc 1.0 eV or less with 0.5 eV or moreas featute. 

Or, as illustmilcd to Figure 1 -rFigure 3 , on semiconductor 
layi^ 1 of first of the first coruhiction type , on st^. 
aforementioned polycrystalline semiconductor layer 6 which 
forms insulating layer 5, polycrystalline semiconductor layer 
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mis io.-Kts«:z(7)^B s.Bfne^sa^^ 

g 19. =i>ha-;i.>f-h 20 Si^figfSXSt . 



[0010] 

35 ^j^/jgr^xst. laaiaiKsis 33 coa** 

it 33 <D«riem-cD*35i*g 31 (7>±i::m^S 

U-feJUJ^^SfflS 32 i::fe5 HfrS2lB-<0*6SS 35 
(0±|r^gS-C:?iL^mH(7?4^3(*B 36b SJ^ 

8aS=c04£i»*J5 36b C0±lz. m"<Z)S6S)i 
39 i3¥SS 40 SiKlcJ^^-r-SXSi:, 'J77i<i: 

**Htnss«ii 40 tmimz^o^m 39 ^/^^ 

Buffi>=EU-bJniis 32 cifci^r . Miasms 
40, Htrie^xcD^gs 39.iusam=c^iK3f* 
e 36b Rism^m-a^i&mm 35 
^LT.^5ras-oiti«{*s 31 a>^\zm\z^ 
mm 47, 7P— ^^>^y— h 48. t^i^m 49. =1 

>hn— ju>f— h 50 ^Bf3it^J:mt. Wi^yn 
31 (::mxSgS^S6tel$S5 ALTV-;^/ 

Ku-o^n^ 51,52 ^^fRri:Lmt^mi'^z 



[0011] 



6 of the fiist , step, which fonns second insulating layer 9 and 
conductive layer 10 in order at least pattemn)£ doing 
aforementioned conductive layer 10 and aforementioned 
second in?ni1atiTig layer 9,in step, memory cell region 2 which 
foims semiconductor dement T<sub>l </sab> in peiipheral 
circuit region 3, In patterning doing insulating layer 5 of 
aforementioned conductive layer 10, aforementioned second 
insulating layer 9, aforementioned polyeiystallinc 
semiconductor layer 6 and afbiementioned fn^t depending. 
Introducing second conduction type inopurity into 
semiconductor layer 1 of afoiementioncd first of both sides of 
step. &foren>eotioned floating gate }9 which on semiconductor 
layer 1 of theaforementioned first fonns bairier layer 17, 
floating gate 18, insulating layer 19, control gate 20 io oxder, 
it solves with the manufacturing method of semiconductor 
stomge device which designates that it possesses st^ 
whichforms source/drain region 21, 22 as feamre. 

[0010] 

Or, as ilhistrawd to Figure 4 '^Figure 6 , as second 
semiconductor layer 36a of siugle crystal is foimedon 
semiconductor layer 3 1 of afoicmentioned first of 
afbrementioned peripheral circuit region 33 with step, 
epitaxial growth whieh is removed among step, peripheral 
circuit region 33 which foini insulating layer 35 of first on 
semiconductor layer 31 of first of first conduction type at least 
insulating layer 35 of aforementioned first which is 
semiconductor element forming region, with patterning , On 
step. afeieiTieutioned second scmieonduetor layer 36a and 
afbrementionod third semiconductor layer 36b whichfbrm 
third semiconductor layer 36b which is not a single crystal on 
inflating layer 35 of aforementioned first which is memory 
cell forming region 32, stq>. which forms second insulating 
Uyer 39 and the conductive layer 40 in order at least 
patterning doing aforementioned conductive layer 40 
andaforementioncd second insulating layer 39^ in step, 
aforementioned memory cell region 32 whichforms 
semiconductor element t<5ub>l </sub> in second 
semiconductor layer 36a of aforementioned peripheral chrcuit 
region 33, patterning doing insulating layer 35 of 
aforementioned conductive layer 40, aforementioned second 
insulating layer 39, aforementioned third seouconductor layer 
36b and aforementioned first , introducing second conduction 
type impuriiy into semiconductor layer 31 of aforementioned 
first of both sides of step, aforementioned floating gate 48 
which on semiconductor layer 31 of theaforementioned first 
forms barrier layer 47, floating gate 48, rrtsulating layer 49, 
control gate 50 in ordcx^ it solves wiuh the marm&cturing 
mettiod of semiconductor storage device which designates 
that it possesses step whichforms source/drain region 5 1 , 52 
as feature. 

[OOU] 
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mt^mmm 17.47 i±,frss-«)*»«:ii 

1,31 rox:fr;i.^-/^>Fsai=3^-t«x*;i^- 



;i<D«-&- i&fflieMB 17,47 (Dx*;i.^eg 
[0012] 

r-5^HI!f«:|BSSiaiHl3&S^$«Rer§Ki:L 
[0013] 

[0014] 
[0015] 

>K3sr:^t^'*x4t;u^-|SSgiS$$ o.5eV fel 
-h-e l.OeV mTOiafl. SS^<tv'J 
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It solves aforementioned second semiconductor layer 56a and 
third senoiconductor layer 36b 'with manufacturing method of 
d^e semiconductor stoiuge device which designates that it is 
formed simultianeonsly as feamie. 

energy bamei! for energy band edge of semicondnctor layer 1, 
3 1 of aforementioned frst itsoives aforementioned banier 
layer 17, 47, with manu&cturinf method of semiconductor 
storage device 'v^chdesignates that it consists of small 
substance in comparison Moth the silicon oxide as feature. 

In case of thisj , it solves energy barrier of aforementioned 
bflitier layer 1 7, 47 with manufacturine method of 
semiconductor storage device 'which designates tliat they are 
LO eV or less with 0.5 eV ormoie as featore. 

[0012] 

[Woiidng Principle] 

According to this invention , when forming memory cell 
-vrliich possesses the floating gate and control gate , 
configo^tion.is done try floating gate and control gate touse 
semicondnctor layer vMch as film which peripheral circoit 
element configuration is done. 

Therefore, when forming peripheral circuit element , filn) 
formation step decreases. 

[0013] 

In addition, after removing insulating layer under 
semiconductor Izcyer wliich floating gate configuration is 
done, (^itaxial growth try to do semicQnductor layer which 
floating gate the configuration is done in peripheral circuit 
region , 

Because of this , because to single crystal ii converts 
semiconductor layer which floating gate configuration is done 
in peripheral circuit region , element chamcteristic of 
semiconductor element whichis formed here becomes good, 
makes high speed operation of [momeriseru ] possible. 

[0014] 

Qy way, according to this invention , energy bEurier for 
energy band edge of the semiconductor layer which becomes 
channel rcgioii barrier layer of memory cell configuration is 
donewith small material in comparison with silicon oxide . 

Because of this , it becomes possible, vnih low voltage to fill 
the carrier orjarge amount to floating gate in short time , at 
same time, wilh low voltage , Short time can discharge carrier 
fhjTT) floating gate . 

[0015] ! 

required time 'greatly is shortened to fill and discharge of the 
carrier as material of barrier layer , energy barrier height for 
energy band edge orseinicocductor layer when substance , for 



Page 9 Patcm® InstantMT® Machine Translation (U.S. Pat Scr, No. 6,490,548: Pat Pending Ser. No. 10/367,296) 



09/20/05 15:02 FAX 6123393061 



SCHWEGMAN , LUNDBERG , WOES 



©017 



JP1995326718A 

[0016] 

(§5 1 mmmM 3 [±. :^^BM<Dm 1 mm 

[0017] 

a 1(a) i::^-r*9fc.p MCOS^U=i>JS« 
B»fiE«sia 3 izisi'^r^^^mofzisbizy^— 



3feic,si(b) |-s-rii:^(c,cvDjiirj:y^ii 

SKibi/y=J>(5 -SiC))i 5 $ JOmn COi^JfZfi^ 

160nm (Dl^^\zBf&T^^ 

0 -SiC S 5 14, ^Sg-^J^&iWLfc'^'^^^CSisHtf) 
i:T-b^U>(C2H2)^ffiL\-Cfi£:gaS 900 deg 



SfflL^r 600 deg C, 0.4Torr CVD \Z^^} 

[001 si 

^ @ 1(c) iz^r^r^OiZ, H-CObi?Xh 7 

S7a*J^«U-^C0S7a;5^'b^®S^U3>B 
6^55ffi$-l>*o 

•^L-C, m'-^Ui>Xh7CDE7atSLr. JjQil 
X^;i.^20keV , K-;CS 1 x lo^/cm^ COg^ 



[0019] 

1(d) J:5lzm-a?U5?::?.h S ^^*L, C 

8a ^mi&r^o 



I 

I 

j 1995-12-12 

I 

example ;be crystal silicon caibide of 1.0 cV or 1e$S is used 
with 0,5 cV 01 iiioic,iii compflrison with pasL 

retention time! of canicr becomes short, but in order to use as 
D]lAMs lliere is not a problem . 

[0016] 

[Working EKaniple(s)] 

Then, Woddng Exaxnple of ibis invention based on the 

drawing is explained below. 

I 

(first Working Example ) Figore 1 '^Figaro 3 is scetional view 
which shows pioduction step of semicotiductor storage device 
whichsbows first Working Example of this invention . 

(0017] 

field oxide film 4 is formed because of element separation 
with selective' oxidation method first, asshown in Figure 1 
(a ), silicon substrate of p-type (semicondactor Inyer ) in 
memory cell S^rming region 2 and the peripheral circuit 
fomring region 3 of 1 . 

As next, shown in Figure 1 (b ),;be ciystal silicon caibide Cbe 
-SiC ) layer 5,is formed in the thidcness of 10 nm whb CVD 
mc&od , continuoiisly polyciystallinc silicon layer 6 of first is 
formed in thickness of 160 nm . 

The;be -SiC it formed layer 5, widi growth temperature 900 
deg C, growth time 1 min disilane which is diluted with 
hydrogen (Si<sub>2</sub>H<sub>6 </sub> ) with making 
use of the acetylene (C<5ub>2</sub>H<sub>2</sub> 

It formed polycrystalline silicon layer 6 of first , with vacuum 
CVD of 600 <|eg C, 0.4Torrmakingu5e of monosilaue 
(SiH<sub>4<;/sub>). 

[0018] 

After that, as shown in Figure 1 (c ), resist 7 of first 
application is done on polycrystallhie silicon layer 6, 
exposing andlwlndow 7a is formed in peripheral circuit 
fonning region 3 bydovdop this, polyctystallinc silicon layer 
6 is exposed fiom window 7a. 

And, through Iwindow 7a of resist 7 of first , with condition of 
acceleration energy *20kcV , dose IX 10<5up>13<sup>/cm 
<sup>2 <^sup> boron (B<Sup>+ </sup> ) ion implantation 
was done tn polyciystallinc silicon layer 6 of peripheral 
circuit forminjg region 3. 

[0019) I 

Furthermore, ofier removing resist 7 of first , a$ shown in the 
Figure 1 (d ), apphcation doing second resist 8, exposing and 
developing this itibisuf window 8a in memoiy cell foriDing 
region 2. 
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20kev . K-:ca 1 X lo^W a)§fe^-eu> 

6 {Z^t>^\Lfzo 



[00201 

Sfel::. @ 2(a) irn^t* cfeolc. cvd lwJ:ySHbv 

^•CD ONO S 9 CDKSI*. a 3(c) l::^3l^T. 3 
>hP— h 20 tZ^P— T'-f h 18 

lOnm ^'^''^o 
[0021] 

SEL^r> ONO m 9 a?±l::S-CD^^ii^><j=i> 
e 10 S CVD \Z^^J leOnm <0l^$IC^&(5fc^^. 

xioW cD3^#-t?j?KP")^m"co^iesv'j 

=i>® 10 iz^:i->?kX-t^. 



[0022] 

2(b) d^-fcfcolc, S=CDlyi;:^h U 

::;(D«^,^=:a)Uvxh ii icj^U^coh^vs; 

[0023] 

^l^-CH 2(c) |C^-r<*:5lC.S = CDU'i>Xh 

)i^'7;^'J^(=Lrm-a)^®S'>U=j:/lS io;& 
hSS 12 it. ONO JS 9 /i>fe>5:^y-h$gSiK 13 

-a)0lgSix<j:i>S 6 lw?lt3g(As^)^^:j->a 

30keV, K— XSli 5 X 10*Vcin^ ^t"5o 



i 1995-12-12 

And, through jvindow Sa, with conditian of acceleration 
energy *20kcV , dose IX 10<sup>15</sii^/cm <sup>2 
</Sttp> phosphorus (P<sup>H- </sup> ) the ion implantation 
was done in polyciystalline silicon layer 6 of memory cell 
foxining rcgLoji 2. 

Next, second resist & h peeled off. 

[0020] ! 

As next, shown in Figure 2 (a ), silicon nitride after firowing, 
oxidation doiAg surface with CVD , silicon oxynitride layer 
(ONO layer ) b it grows. 

As for fihn thickness of ONO layer 9, c^odty between 
conbt)] gate 20 and the floating gate 18, cs^city between 
floating gate 1? and silicon substrate 1 2 -fold makes the 
thickness , for exaniple lOnm vrbich becomes in Figure 3 (c ). 

[0021] 

Consequently, on ONO layer 9 second polycrystallxne silicon 
layer 10 is formed in thickness of 1 60 nm with CVD . 

It makes growth condrtioo , same as growth condition of 
polyciystalline sitieon layer 6 of first . 

A&rfhat, with condition of acceleration energy *201ceV , 
dose 4X 10<si^l5</sup>/cin <sup>2 <sup> phosphorus 
(p<siip>f </sas> ) ion inqjlantation is donein second 
polyeiystalliite silicon layer 10. 

[0022] 

As next, shown in Figure 2 (b ), ^plication doing third resist 
1 1 on the second polycrystalline silicon layer 10, it exposes, 
develops this, exposes second polycrystalline silicon layer 10 
of source/drain region of transistor inside peiiphcral eiieuit 
forming region 2 because of this. 

In case of this , it covers also portion which ii tries to form 
gate electrode of transistor with third resist 1 1 . 

[0023] 

Consequently, as shown in Figure 2 (c ), second 
polycrystalline silicon layer 1 0 and ONO layer 9 the etching 
are done wiih third resist 1 1 as mask , gate electrode 12 which 
consistsofseCond polycrystalline silicon layer 10 in transistoi 
forming region and gate iosulatzng film 13 which consists of 
ONO layer 9 arc formed. 

After tiiat, wicmc (As<STip>+ </$\ip> ) ton implantation is 
done in polycrystalline silicon layer 6 of first with third resist 
1 1 as mask , | 

Case of ion implaniation as for acceleration energy * as for 30 
keV , dose it makes 5 X 10<sup>15</sup>/cm <s^2 
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ZMz^^mm^^m&mm l l::nMOS h5> 
Z£D nMOS h5>v:^^ T, CD^— hSffi 12 (DH 

[00241 

3(a) ic^'rJ:-5fw.$t>izSEa(0uy;^h 16 £ 
-t<DSEaa)ui;;z.h i6 xi, hsihIK 

[0025] 

^LT.a«l3^y^Eg<0US;Xh 16 im^^% 

-sic S5^-c?a)S-®^^tfscc;l4'<:r>x»> 

m 6 :&^^/c^:^77P— r-rXfy— h 18. ONO ^ 9 
A^&^cSjeiSH 19, S-CD^SH-^y^^ 10 
^ft^=i>hP--^uy-h 20 ;!i<fl^i«^*L. 

Siala!»»fiE«S 2 -ett nMOS h5> 

[0026] 

^(0-f:l->?^Af3:.ft]ax:^;u^-$ 30keV , 
'fbrsctir J:y:7n-^-f>C^^— h 18 <Dm^ 

[Cli V-XJS 21. KU-f>S 22 3&«f^J«$tl^o 



source Uycr iK drain layer 15 is fonned in polycrystalline 



silicon layer 6 



of first of both sides of gate dcc;tiodc 12 by 



actzvadng oiscnic which this ion implaAtaiion isdone. 

Because of thiis nMOS transistor T<sub>l </snb> was fonned 
to peripheral drcuit forming region 2. 

surface layer of polycrystalline silicon layer 6 of &3t of 
directly below of gate electrode 12 of the this nMOS 
transistor T<siLib> I </$ub> becomes channel region . 

[0024] ! 

As next, third resist 11 after peeling of^ shown in Figure 3 
(a Xfinthennorc application doing resist 16 of fourth , 
exposing anddevelqptng this patterning it does resist 16 of 
fonrth. 

pattern of resist 16 of fourth , as nMOS tr^sistor T<$ub>l 
</5ub> of peripheral circuit forming region 2 iscovered, 
exposes periphery . 

Furthermore, gate electrode forming region of transistor 
which is fonned to mcmoiy cell forming regioti 3 will\ resist 
1 6 of fonrtfi is covered. 

[0025] I 

The;be -SIC each layer to of layer 5 is removed from 
second polycrystalHne silicon layer 10 of region where resist 
16 of fourth is! removed and, by dcvclopmentwith ibr exartiple 
reactive ion etching (RIE ). 

Because of th\$ with memory cell forming region 3, the;be 
-SiC control ^te 20 which consistsof insnlatmg layer 19, 
second poly crystallme ^icon 10 which consists of floating 
gate IS, ONQifilm 9 which consists of polycrystalline silicon 
layer 6 of barrier layer 17, first which consists of layer 5 to be 
formed, furthermore, the surface of silicon subsirate 1 exposes 
in those periphery . 

Furthennore, withper^hcral dreuit forming region 2 nMOS 
transistor T<5iib>l </5ub> exposing field oxide film 2 of 
periphery at lc«6t, it does element separation * 

[0026] ^ 

this way th^b'e -SiC after finishtng paneming up to of layers, 
arsenic ion implantation is done in silicon substrate 1 of both 
sides of floating gate 18 with resist 16 and field oxide fihn 2 
offburthasmask. 

ion implantation acceleration energy * does 30 keV , dose as 
5 X 10<sup>ll5</sup>/cm <sup>2 <sup> source layer 21, 
drain layer 22 is formed to both sides of floating gate 18 by 
activating arsenic . 
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DRAM -b^U Ta f)<B!&^tl^o 
co)h7>vx$ Tj ■ei*:7n— T-O^^^^— h 18 

[0027] 

Si02^y^5)SraffijaBI 23 ^Ji^riKU/t^l::. c 
tL^/^^— -:^^LXiiMOSh^>vX^T, CDV 
— X/Kl^'f:/!! 14,15 CDJ:i:DRAM T2 O 
V— 7./Ku-f>IS 21^ (D±\z^'^ii^ivD>st 

^h7n->U 24a04b. 25a,25b *Jl^^"r4. 
[0028] 

^-">r/L-CS 3(c) {Z^'r^O{Z\J—X/\^\y 
-f :^J5 14,15^1^ l-lS^^ti^SS 25-29 

l^±a) J:5*XglZctm^J?E$*Vfc DRAM tJU 
-hl8CDfai(C^-SiC J::y**»Sei7 7!)^fi^lS 

ZO^-SiC c*:y?3C-&[SS/gl7(*,SiOi[=*y}K 



[0029] 
[0030] 

20 t'^a-^^:^^^—^ 18 (DPelCDggA^ 3? 
|gJS)(7)Pp^CDe3(7)i5 2 iStU^^^lzLXL^i 

(Dx% =j>HP-;uy-h20 t^-v^-^u^iaora 



Is formed at 
layer DRAMs 



gate 18, control gate 20, source/drain 
cell T<;sub>2 </5ob> such as 21 above and 22. 



©020 
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itaitf|ts«>r T<si2b>2 </siib> scrfece layer of silicon 
of floating gate ISdirectly below becomes cbanncl 



With ihis 
substrate 1 
region . 

[0O27] 

Furfhennore, ijesist 16 of fourdi is removed after ion 

im plMTit atinn . 



in Figure 3 (b ), after forming interlayer 
23 which consistsof SiO<8ttb>2<;/sub> with 
doing this in entirety , source/drain layer on 
transistor T<sub>l -^sub^ and 15 and 

on 21 of DRAMs cell T<suh>2 </snb> 
contact hole 24a, 24b, 25 a, 25b respectively. 



As next, show a 
insulating filn . 
CVD, pattern ng 
14ofnMOS 
sourcc/diain Mycr 
and22, it fonuk 

[0028] 

After after this , forming ahmmmm in entirety with 
sputter .patterning doing thi& with photolithography , as 
shown in FiguSre 3 (c ), source/drain layer 14 and 15, it forms 
electrode 26-29 which is connected to 2 1 and 22. 

Between silicon substrate 1 and flostmg gate 18 bairiet layer 
17 which coniists of thc;bc-SiC i$ foimed hi DRAMs cell 
T<sub>2 </su a> which was formed like above by the step . 



( forbairi^ layer 



As 

barrier for corti 
comparison with 
becomes sitial I 



[0029] 

Therefore, i 
when it fills 



inQ)arting( 



h)t« 



vohage in 
gate 18. beab 
voltage in coxnparlson 
EEPROM. 
furthermore 



2/3 of vohage 



17 which consists of this ;be -SiC , energy 
duciioii band electron of silicon substrate 1 in 
that it was formed by the SiO<sub>2<;/sub> 



doing voltage between source *diain , 
electron to floating gate 18, or Imparting does 
confarol gate 20 andflls tunnel electron to floating 
ie to £U electron of large amount with low 
wiih element which is used for the 
fu rthermore to make required time small in fiU, 
I daking electron which was filled in floating 
come out to outside ii can make elimination 



gate 18 easy, 
time short. 

[0030] 

In addition, because widi Working Example which was 
inscribed, cap icity between control gate 20 and floating gate 
18 has tried to become, edacity between floating gate 18 and 
silicon substrate 1 (channel region ) approximately 2 -fold , 



which iinpartmg makes between control gale 



20 and ehannol region catches between channel region and 
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[0031] 

STi^l£A*tLfc7^P-^-f>^f^-h 18 

[0032] 

12 a)«3^«!:L-C=i>KP-iU<f-h 20 £lSi^-f 
:5S-CD$Sa^'J=i>fg 10 ^fflU.Sfc^ 

®y-Hf£SK 13 cD#*4tur3:/hP-;uy 

— h 20 OT(D ONO ^ 9 SSl^Tt^cOT?. 

nMOS h^:^^:^:^^ t, $m-r^KOfiEmxa 

[0033] 



(itiffli*g)3i <o/^«ji27Ufgj£«a 32 i^jsia 

-<-;uKSt{bM 34 ^m^Mit^iz^m^T 

[0034] 

0 4(b) fz*-r^5i::.CVDafwj:y/9^ 
Si^1bi>U3>(5-SiC)(S 35 $ lOmn OJ5*l^ 

0-SiC B5li.*^-e«i?Uc'»5>(SiiK6) 
<tT't5^U:^(CaH2)$ffll^Tj£S)'Sffi 900 deg 

wcoai::. ig4(b) 5 -Sic fS5* 

ma 33 A^t^i^^-r^p 

[0035] 



floating gate 20. 
[0031] 

And, nz^iaitiDs doing voltage of 3 V between control gate 20 
and the silicon suhstrate 1 (chaiincl region ), when it filled 
cleetrorn to Ablating gate 18, be able to fill attimc within 10 
ns , fuittiennoiiej as for tfa]resliold vohage with control gate 20 
after filling, 0.5 it became V high ia comparison with when 
ituses SiO<Sub>2</snb> as baixicr layer 2, it iinderstood that 
injected amount of electron increased. 

In addition, also electron discharge time from floating gate 1 8 
where electron was fiUedwhhin 10 ns , it was possible to do. 



[0032] 

By way, when nMOS transistor T<$ub>l </sub> in peripheral 
circnxt forming region 2 is formed, to nse second 
polyctystalline silicon fihn 10 which configuration does 
control gate 20 as materia] of gate electrode 12, because the 
ONO 61m 9 under control gate 20 is used in addition as 
material of gate insulating film 13,growth step of fibn which 
configuration docs nMOS transistor T<sub>l </sub> 
isabbrcviated; 

[0033] 

Therefore, production step of 12MOS tiHTi$i$tor T<sub>l 
</s\ih> is done simplification . 

(second Wot^ttg Example ) Figure 4 ^-Figure 6 is sectional 
view which shows production ^ttp of semiconductor storage 
device whichshows second Workiog Example of this 
invention . 

field oxide film 34 is formed because of element separation 
with selective oxidation method first; asshown in Figure 4 
(a ), silicon substrate of p-type (semiconductor layer ) in 
memory cell forming region 32 and the peripheral circuit 
fbnning region 33 of 31. 

[0034] 

As next, shown in Figure 4 (b ),;be crystal silicon carbide (;be 
-SiC ) layer 35 is formed in ihe thickness of 10 nm with CVD 
method . 

The;be -SiC it formed layer 5, with growth tcuqicrature 900 
deg C, growth time 1 min disilanc which is diluted with 
hydrogen (Si<sub>2</sub>H<5ub>6 </sub> ) with making 
use of the acetylene (C<sub>2<sub>H<sub>2</sub> ). 

As after this , shown in Figure 4 (b ), tfac;bc -SiC patterning 
doing layer 5 with photolithography , it removes from 
peripheral chxvux 33. 

[0035] 
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^[C. Bl 4(c) CVD lzj:y'>ija 

itm 34 aif^ 3 -SiC H 32 <D±lZ^^&(Di^') 
31/ Jg 36b ^fiES'r*^, 

ix'ja»g 36a,36b ^fS.^TZm^lt. J$£*"X 
i:LT SiH»^fflL\ SSSSS 800 d*^ C. R£§ 
3SHft$ 0.4Toir (tU. ^(DKIi* l6Diim t^t 

-So 

[0036] 

ttL^r. S5— CDU^;XK 37 $vUil>B 36a,36b 

Jijam^fiEfism 33 rzs: 37a iB&u ^(d 
m 37a i^?»^sgai^'j3>jB 36 ^saj$i*^>o 

•^LT:. S-CDLxS;Xh 37 cos 37a $®bT. lUl 
iSx:^;l/^20kcV . K— Xi 1 x lo^/cnf (0 
*#-C:7h'i7^(B^)^jaaiElSfi^J3Effiia 33 0)* 



[0037] 

4(d) Iz^-f *fc5|C^^CDUvXH 3S S^^fiU 

z^^^&s^fe. gi«LT:/^<;-fe;uJC^^igJS 32 iz 

S38a$fl$ll£-r^o 

^ Lr, S 38a tilLX. 

20kcV . K—XS 1 ^ 10"/cni^ <Olfef*^-CUl/ 

(P* /^U-b;U}f$jS^tie 32 CO vU=ll/g 36b 

[0038] 

-^iZ. m 5(a) Ic^Ti^af^^ CYD l=:<fcyS<fcv 

^'<DONOS39(OKJ?li.ia6(c) l::*5t^T.3 
>ha— /U^— N 50 i:7n— >^f— h 48 CO 
mCD^MitK 3?P— T-r>-?'y-h 48 «b5/U=l> 

sffi 31 (opgco^stco 2 f^t^^m^smKii 

lOnni t'^^o 
[002 9] 

iS^^^r, ono m 39 (Diics^jssv'J^ve 4o 

i CVD iCcty I60iim coj5^?i::fi^Jie'r^o 

^00 dcg C. JiSSfflS^ 0.4Toir t 
L. ^COKISS I60imi (t-f 
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As next, showii in Figure 4 (c as silicon Uyer 36a of single 
crystal HiesclcSctive epitaxial growth is dotue on silicon 
substmtfi 31 with CVD , field oxide film 34 aadthc^be -SiC 
Silicon layer 36b of polycrystalline it grows with respect to 
layer32. 

powthten^crature 800 deg C, growth atmosphere are 
designated as 0.4 Toir silicon layer 36a, 36b when growing, 
making use of SiH<suh>4</sub> as growth gas , film 
thickness is designated as 160 mn . 

[0036] 

Consequently^ resist 37 of first plication is made on silicon 
layer 36&i 36b,eaq)osing and window 37a is fonned in 
peripheral circuit forming region 33 by develop dus, the 
polyerystaUiiie silicon layer 36 ia exposed from window 37a, 

And, throvgh window 37a of resist 37 of first , with condition 
of acceleration energy *20k6V , dose IX 
l0<si^»13</sTip>/cm <SV55>2 </siip> boron (B<suiPH- 
</w^ ) ion implantation was designated as polycrystalline 
silicon layer 36a of "ttie single crystal of peripheral circuit 
forming region 33. 

[0037] 

Furthermore, .after rcmovtne resist 37 of first , as shown in the 
Figure 4 (d ),' application doing second resist 38, exposing and 
developing tliis itfbims window 38a in memory cell forming 
region 32. 

And, through} window 38a, with condition of acceleration 
energy *20keV , dose IX 10<sup>15</sup>/cm <sup>2 
</sup> phosphorus (P<sup>+ </sup> ) the ion inqibutation 
was de$ignatt^ as silicon layer 36b of memory cell forming 
region 32. 

Next, sccond'resist 38 it peeled off. 
[0038] 

As next, shown in Figure 5 (a ), silicon nitride after growing, 
oxidation doing sur&ce with CVD , silicon oxynitride layer 
(ONO layer) 39 it grows. 

As for film thickness of ONO layer 39, capacity between 
control gate 50 and the floating gate 48, capacity between 
fioatmg gate 48 and silicon substrate 312 -fold makes the 
thickness , for example lOnm which becomes in Figure 6 (c ). 



[0039] 

Consequently, on ONO layer 39 polycrystallme silicon layer 
40 is formed !in thickness of 1 60 mn with CVD . 

Growth condition growth temperature designates 600 deg C, 
growdi atmosphere as 0.4 Toir making use of 
SiH<sub>4<sub> as growth gas , designates the film 
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xloW CD&fl^1?«(P*)^^SSi->U3>IS 
[00401 
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thickness as 160 mn . 



After tliat, with conditicm of acccldation eoergy *20keV , 
dose 4X i(Ks«p>15</s^q)>/cm <$iip>2 </sufP' phosphorus 
(P<5iip>H- </siip> ) ion iuqjlanlation isdcsignated a$ 
polyoystaUmc silicon layer 40. 

[0040] I 

I 

As next» shown in Figure 5 (b ), application mnking tliird 
resist 41 on the polycrystalltne silicon layer 40, it exposes, 
develops ihis, it forms pattern which exposes the 
polyoystaUinc silicon layer 40 of somec/diain region of 
transistor of peripheral eiteuit f oimio g region 32. 

In ease of , gate electrode forming region of transistor is 
covered by third resist 41. 

(0041) 

Consequentlyj as shown in Figure 5 (c ), gecond 
polyctystaHine silicon layer 40 and ONO layer 39 the etching 
are done with third resist 41 as mask , gate electrode 42 which 
eonsistsof second polycrystalline silicon layer 40 in transistor 
forming legioA and gate insulating film 43 which consists of 
ONO layer 39' are formed. 

After that, arsenic (As<sup>f <si^ ) ion implantation is 
dooe in silicon layer 36a of single crystal with third resist 11 
as mask . 

Case of ion implantation as for acceleration energy ♦ as for 30 
keV , dose ii makes 5 X 10<sup>15</sup>/em <suii>2 

</BWp>, 

source layer 44, drain layer 45 is formed in single crystal 
silicon layer 36a of both sides of gate electrode 42 by 
activating arsonie which this ion implantation i& done. 

Because of tibis nMOS transistor t<sub>l <sub> was formed 
to peripheral circuit forming region 2. 

surface layer of silicon layer 36a of single crystal of directly 
below of gate eleetrode 42 of the this nMOS transistor 
t<sub>l </sub> becomes chatmel region . 

(0042] 

As next, third tesisi 41 after peeling ofi^ shown in Figure 6 
(a ),furthcnnore s^plieation d oing resist 46 of fourth , 
exposing anddeveloping this patterning it does resist 46 of 
fourth. I 

pattern of resist 46 of fourth nMOS transistor Ksub^^l </sub> 
of peripheral drcuit forming region 32 exposes thecover and 
periphery . 

Furthennoic, tiy to cover gate electrode forming icgion of 
transistor which is formed to memory cell forming region 33 
by resist 46 of fourth . 
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[0043] 

35 *t?(D&H^^lSSj;Stt'f:i->x*v^>^r 

JS 35 47. 0ieffla)*>U3>S 

sebi^e^T'^ST'P— T-O^-tT*— h48. ONOK39 
;fi^i3«:4S£SB 49. ^^a*>U=i:^ 40 /I^t)^£^ 
:3>hP— ;U-^f— h 50 ;E><J&j4^?4x. U;&^t. -^tu 
t,a)^S(r(3:v'j3>Sfi 31 cDSSA^Saj-r 

[00441 

CCO^^fr^^SiC )g35^-C?</Jy^^i-->^*'Sift 
ItK 32 ^vx^izLT:7n— h 48 

K-XS^ 5 X io» W tLriTi^> 

-h 50v V-X/KU'f >H 51,52 SflXAoX 
DRAM -trJU ti /i<Jf^fiE^+L*a 

Z0:>b'7>iy:^^ tj Tf(±^a-^-r>^^y— h 48 

[0045] 

0 6(b) (Z^r CVD fc^y 

Si03<*:y>E£^JSFH$fe«SK 53 SJJ^iSLfcftlz, Z 
L."C nMOS h^>v:^^ ti <DV 

— ;^/Ku-os 44,45 a)±^. DRAM -feju <;> 

h7t^— ;U 54a,54b. 55a,55b S:f&JSf So 
[0046] 

^—=~>^LXm 6(c) lr:5^-^-<^-5t=V— X/KU 
-f >g 44,45,51,52 |-J$*S**lStS® 56-59 

jsrSo 



[0043] 

'nLc;bc -SiC CBCh Uyer to of layer 35 is removed from 
polyctystalline silicon layer 40 of region where resist 46 of 
fointli is removed and, bydcvelopisie^t with for example 
reactive ion etching (RIE ). 

Because of this with memory cell forming region 43, the;be 
-SiC Qontiol g&te 50 which consistsof insulating layer 49, 
polyciystallmb silicon 40 which consists of floating gate 4S, 
ONO film 39 Jivhicb consists of silicon layer 36b of baiiicr 
layer 47, polyctystalline which consists of layer 35 to be 
formed, fur&cnnore, the surface of silicon ^strate 31 
exposes in th<ise pedphety . 

Furthennore, with peripheral circuit forming region 32 nMOS 
transistor t<sub>l </sub> exposing field oxide film 32 of 
periphery at least, it docs dement separation . 

[0044] ; 

this way thc;be -SiC after finishmg patteming up to of 
layer35, arsenic ion implantation is done in silicon substxalc 
3 1 of both sLd|c5 of floating gate 48 with resist 46 and field 
oxide film 32 'of fourth as mask . 



ion implratation accclemtion energy • does 30 keV , dose as 
5 X 10<sup>l5</sup>/cm <sup>2 "^sup> source layer 5 1, 
drain layer 52 is fonncd to both sides of fioatiog gate 48 by 
activating arsenic . 

Is formed at floating gate 48, control gate 50» source/drain 
layer DRAMs cell t<sub>2 </5ub> such ^ 51 above and 52. 

With this traivsistor t<:sub>2 </$ub> surface layer of silicon 
substrate 31 of floating gate 48directly below becomes 
channel region . 

[0045] 

Furthermore, resist 46 of fourth is removed after Ion 
implantation . 

As next, $bOv>n in Figure 6 (b ), after foming interlayer 
insulating filrb 53 which consxstsof SiO<5ab>2<ysutP' with 
CVD , patterning doing this in entirety , source/drain layer on 
44 of nMOS iraiisistor t<5ub>l </&iib> wid 45 aijd, 
source/drain ^yer it forms contact hole 54a» 54b, 55a, 55b 
respectively on 51 of DRAMs cell t<sub>2 <sub> and 52. 

[0046] 

After afier this , forming aluminum in entirety with 
sputter ,pattxsi!ning doing this with photolithography , as 
shown in Figure 6 (c ), in source/drain layer it forms elecurode 
56-59 which is connected 44, 45, 5 1 and 52. 
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Between silicdn substrate 3 1 and floating gate 48 banier layer 

47 which con^sts of th6;be-SiC is formed in DRAMs cell 
Ksub>2 <yBul> which was fonned like above by the step . 

As for banier 'layer 47 which conldsts of this ;be -SiC , energy 
barrier for coiiduction b^d elecm>n of silicon substnUe 3 1 in 
comparison ^>^lth that it was formed by the SiO<&ub>2</sub> 
becomes small. 

[0047] 

Thcrefote, tmpartiiig doing voltage between source *drain , 
when it fills hot electron to floating gate 48, or imparting does 
voltage in control gate 50 andfills tunnel electron to floating 
gate 48, be able to fill electron of large amount with from low 
voltage in comparison witlL clemeot which is used for the 
EEPROM , forthermore to make required time small in fiU^ 
furthermore, Klakzng electron which was filed in floating 
gate 48 easy, to come out to outside it can make elimination 
time short 

[0048] I 

In addition, because with Working Example which was 
inscribed, capacity between COtitrol gale 50 arid floating gate 

48 has tried to become, capacity between floating gate 48 and 
silicon substnite 3 1 (channel region ) approximately 2 -fold , 
2/3 of voltage; which in^arting makes between control gate 
50 and channel region catches between channel region and 
floating gate 48. 

[0049] 

And, in^artiug doing voltage of 3 V between control gate 50 
and the silicon substrate 3 1 (channel region ), when it filled 
electron to floating gate 48, be able to fill attime widiin 10 
ns , fuithermoxe, as for threshold voltage with control gate 50 
after filling, 0l5 it became V high in comparison with when 
ituses SiO<sub>2^sub> as barrier layer 47, it understood that 
injected amount of electron increased. 

in addition, allso electron discharge elizoinstion time from 
floating gate 48 where the electron was filled within 10 ns , it 
was possible co do. 

[0050] j 

By way, when uMOS ti«isi5tort<$ub>J </$ab> in peripheral 
circuit forming region 32 is formed, because portion of film 
which is used for DRAMs cell i<sub>2 </sub> is utilized, be 
able toabbreviate formation process of film which 
configuration docs nMOS transistor t<5ub>l </sub>, the 
prodticLion Step i$ donc Simplification . 

Funhermoie, Uhen silicon Layer 36b which configuration does 
floating gate 48 is formcd,bccau8c it has made growth 
condition ^ch epitaxial growth is done, becansethe;be SiC 
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silicdn layer 3< )a of single czy^tal is formed to surface of the 
silicon substrate 3 1 of pciipteral circuit fonning region 33 
where layer 35 is removed simnltaiieously, crystalline of 
channel re^oii of nMOS transistor t<sab>l </sub> of 
peripheral circuit forming region 33 in^roves in coiD|>arisoD 
with tiie first Woridng Example , from operation of transistor 
becomes high 'speed , transistor charactciistie becomes good. 

Because of this, above-mentioned step is suitable for 
theproduction of memory where high speed operation is 
necessary. \ 

(Other Worimig Exwple ) With Workmg Example which 
was inscribed |the;be -SiC is used as the matenai of barrier 
layer 17, 47, biut when cairier is electron , height of the energy 
bairicr for coijducdon band of silicon substrate 
(semiconductbr layer ) 0.5 cV or more, making nse ofbther 
substance of 1|.01 eV or less it is good» It is possible to use 
compound wluch selects mixing ratio of for example silicon 
and carbon and nitrogen ^jpropriatcly the;be -SiC as other 
substance . 

At least, if energy barrier for conduction band electron of 
semiconductor layer which becomes the channel region , is 
small in eomp^son wilh silicon oxide which is used 
untilrecently dlectron fi^m floatins gate 1 8, 48 is likely, to be 
filled at same^me is likely to come out. 

[0051] 

According to element which is this way, because region 
wtiich the compilation does cajrier is settled inside forming 
region of transistor , the surfaee area of DRAMs cell 
becoming small, it can assure high den$ification . 

In addition, you explained with Working Example which was 
xnsciibedeonceming clemcot of structure which fills electron 
to floating ga^ ,bul when structure which fills positive hole is 
formed, it is possibk&at energy banier between floating gate 
and channel region becomes small 

[00521 ; 

Furthermore, jWith Working Example which was inscribed, 
nMOS transistor is fbrmedin peripheral circuit fanning 
region , but itfis good even widi p-typc MOS ti:aTi8istor and, it 
forms the bipolar transistor other semiconductor elemenx and 
is good. 

Funhermore, with Woridng Example which was inscribed, 
ONO layer is used as insulating layer between floatjng gale 
and control gate , but considering characteristic of MOS 
transistor of silicon oxide film , peripheral cireuit region , it 
forms wi& other insuUting layer and is good. 

[0053] 

[Eficete of the Inveni^on] 
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As above expressed, according to this invefttion , ^en 
fanniDg memory cell which possesses floating gate and 
control gate , becanse it has tried to use semicondactor layer 
which configuration does floating gate and control g»te , as 
film which configuration docs peripheral circnit clement 
when foimind peripheral circuit clement , it can make the lihn 
fcnnation ste)j> little. 

[0054] 

In additioti, a !ter lumoving insulating layer under 
semicondactor layer which configuration does floating gate , 
because cpita <ial growth it tries to do semiconductor layer 
which the flo iting gate conflguratian is done in peripheral 
circuit region , to single crystal it converts the semiconductor 
layer which configuration does floating gate in per^crtd 
circuit tegioc » element characteristic of ^ semicotidnctor 
element whidh is formed here becomes good, makes high 
speed operation of [momertseru ]possible. 

[0055] - 

According to another ihis invention , because energy barrier 
for energy bond edge of the semiconductor layer which 
becomes chaonel rc^n barrier layer of memory cell 
configuration is donewith small material in comparison with 
silicon OxtdeL to become possibleto fill carrier of large 
amount to floating gate with low voltage ,fin1hctmore 
elimination i^me of carrier can be made short 

It can fuucUim in fully as material of barrier layer , because 
the stibstance , for example ;be crystal silicon carbide of 1.0 
eV or less is .used with 0.5 eV or more,funhermorc al&o 
cHminatioa ^e becoming short, with energy barrier height 
for energy baud edge of semiconductor layer as volatile 
memory in cpmparison with past greatly be able to shorten 
required time to carrier injection , 

[Brief Explflhalion of the Drawing(s)] 
[Figure 1] 

It is a scctiaxal view (That 1) which shows production step of 
first Working Example of this invention . 

[Figure 2'J 

It is a sectional view (That 2) which shows production step of 
firet Woridnig Example of this invention . 

[Figures] 

It is a sectional view (That 3) which shows production step of 
first Woikir g Example of this invention . 

[Figure 4] 

It is a sectional view (Thar 1) which shows production step of 
second Working Example of this invention . 
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[Figures] 

It is a scctionill view (That 2) ^vhich shows production step of 
second WoikiDf Example of this invention . 

[Figure 6] 

It is a sectional view (That 3) which shows production step of 
second Working Example of this invention . 

[Explaontion Lf Symbols hi Drawmgs] 

1 

silicon snbstratc (scmiccndnctor layer ) 
10 

polyciystallinc silicon layer (conductive Uyer ) 
12 

gate electrode 
13 

gate ijisulatiiiSg Bioi 
14 

source layer 
15 

drain layer 
17 

barrier layer 
IS 

floating gate 
19 

insulating layer 
2 

memoiy cell forming region 
20 

control gate 
21 

source layer 
22 

dram layer 
3 

peripheral drcnit fbnning region 
31 
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36b 
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ONO S(«eftB) 
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control gate 
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silicon substrate (scmiconduclor layer ) 
32 

memory ceU Ijbzming region 
33 

peripheral cir ;uit forming region 
35 

;be -SiC laycj (insulating layer ) 
36a 

silicon layer i semiconductor layer of single crystal ) 
36b 

silicon layer (semiconductor layer which is not a single 
crystal) 

39 

ONO layCT (psulating layer ) 
40 

polycrystalliiie silicon layer (conductive layer ) 
42 

gate electrode 
43 

gate insulating film 
44 

source Layer 
45 

drain layer 
47 

barrier layei 
4S 

floating gattt 
49 

insulating I4yer 
5 

;be -Sic layjer (insulating layer ) 
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source layer 
52 

drain layer 
6 

polycrystalline silicon layer (polycrystalline semiconductor 
layer) 
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[Figure 1] 



(Figure 2] 
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